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Using GAMS for River Basin Management 2 
 
Y. C. Ethan Yang  
Department of Civil and Environmental Engineering 
Lehigh University  
Bethlehem, PA USA 
 
YOU WILL LEARN 
 Quick review of river basin’s node-link structure in GAMS 
 Close look of agricultural production function 
 Some useful techniques in GAMS  
 River basin management – Ultimate GAMS example 
QUICK REVIEW OF RIVER BASIN’S NODE-LINK STRUCTURE IN GAMS 
 Last time we talk about the node-link structure in GAMS, which is the most essential 
coding technique you will need for the river basin management modeling. 
 
 The node-link structure for a river basin system in GAMS is described by two-
dimensional sets and usually the syntax “alias” will also be used. 
 
 Why there are two “F(t, N, N1)” in the last equation of last week’s handout? 
CLOSE LOOK OF AGRICULTURAL PRODUCTION FUNCTION 
 The general format of agricultural production function can be a quadratic or even a 
linear function where water is the input and the total production is the output 
 
 
(Al-Jamal et al, 2000 in Agricultural Water Management) 




 The same format can also be used for the cost function where crop land used is the 
input and the total cost is the output 
 
 Using a linear format as an example 
 
𝐶𝑟𝑜𝑝 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛𝐷,𝑐 = 𝐶𝑜𝑎𝐷,𝑐 × 𝐴𝑊𝑎𝑡𝑒𝑟𝐷,𝑐 + 𝐶𝑜𝑏𝐷,𝑐 
 
𝐶𝑟𝑜𝑝 𝐶𝑜𝑠𝑡𝐷,𝑐 = 𝐶𝑜𝑐𝐷,𝑐 × 𝐿𝑎𝑛𝑑𝐷,𝑐 + 𝐶𝑜𝑑𝐷,𝑐 
 
𝐿𝑎𝑛𝑑𝐷,𝑐 = 𝐶𝑟𝑜𝑝 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛𝐷,𝑐 𝑌𝑖𝑒𝑙𝑑𝐷,𝑐⁄  
 
where AWater is in volume units such as million cubic meter, Land is in area units such 
as hectare, Coa, Cob, Coc and Cod are coefficients for those linear function. We also 
assume a constant yield, in unit of mass per area such as tons per ha, for each crop in 
each demand site. The crop land used for a specific crop will be equal to total production 
divided by yield. 
 
 For river basin modeling, usually no detailed agronomical model is involved. Therefore, 
the actual crop growing process is not modeled. Alternatively, a planting schedule 
(when the crop is planting and harvest in calendar month) and the growing season water 
requirement (how much water needed for each month in the growing season) may be 




 In GAMS, usually we will define two decision variables: 1) annual agriculture water 
use for different crops at different demand site: “AgW” and 2) monthly water 
withdrawal from river node at different demand site: “W”. 
 




 A GAMS equation: “Crop water balance” will then be used to describe the relationship 
of these two variables: 
 




 Where t is the index for month, b is the index for demand site and j is the index for crop. 
SOME USEFUL TECHNIQUES IN GAMS 
 There are some techniques that are necessary for us to consider in a real world river basin 
management project: 1) input data with more than two dimensions, 2) post-optimization 
calculation for results and 3) multi-year runs with LOOP 
 
 Organizing table with three or more dimensions: 
o When input data is more than two dimension, using additional columns to 
organize the data. 
 
o For example, multiple year of monthly crop water requirement for different 
crops at different sites: 
 
TABLE CDEMAND(y,t,D,c) crop water demand 
 
   cotton wheat rice 
y1. m1. F1 values values values 
y1. m2. F1 values values values 
y1. m3. F1 values values values 
y1. m4. F1 values values values 
y1. m5. F1 values values values 




















 Post-optimization calculation 
o Some variables that are not decision variable but have functional relationship 
with decision variables that can be calculated after the optimization is done. This 
can shrink the size of the mathematical problem that GAMS needs to solve.  
 
o When using the value of variables in post-optimization calculation, the syntax “.l” 
is necessary right after the variable used. 
 
 LOOP 
o The LOOP operator was often used with the PUT operator for printing out and 
displaying results in files.  Not for our case since we output results with GDX 
 




o For river basin management model, we use the LOOP operator for multi-year runs 
following the setting below: 
 
1. A yearly SET need to be defined first. For example, SET y /y1*y3/; 
2. Prepare yearly data as three dimension table. For example, three year 
monthly inflow: TABLE Q_year(y,t,i) 
3. Define parameter for sub-yearly time step but without give it any value. For 
example, monthly inflow PARAMETER Q(t,i) 
4. Construct GAMS as we did for singe year monthly time step model 
5. Solve the model within the LOOP operator. A pseudo code is given 
 
Loop (y, 
*assign monthly inflow of each year to parameter Q 
 Q(t, i) = Q_year(y,t,i) 
*Solve GAMS 
 SOLVE GAMSmodel USING NLP MAXMIZING Obj; 
*update state variable (usually storage) AFTER model solve 
 Beg_S(N)  = Storage.l (“t12”,N) 
); 
 
RIVER BASIN MANAGEMENT – ULTIMATE  GAMS EXAMPLE  
 This ultimate example incorporates everything we have learned so far about GAMS to 
solve a problem that is similar to the final project. 
 
 The same system map from the last handout is used as follows:  
 
 
 This time, the objective is to maximize the annual economic value including 
agricultural and hydropower in the basin. 
 
 Each demand site will consider three different crops: cotton, wheat and rice. The 
planting schedule and growing season water needs (Crop time-table) are given and 




















 Reservoir is used for hydropower generation. And a linear head-storage relationship is 
given. Meanwhile, the reservoir needs to follow its operational rule curve. 
 
 Three year monthly inflows for two tributaries are given. 
 
 The results we are interested in include: 1) basin-wide economic value; 2) agricultural 
benefit (gross profit and cost) for each crop at each site; 3) hydropower benefit; 4) 
agricultural water used for each crop at each site; 5) agricultural land used for each 
crop at each site and 6) monthly reservoir storage  
 
 The necessary data and equations are given as follows: 
 
o Format of the objective function 
 
𝑂𝐵𝐽 = ∑ ∑ 𝐶𝑟𝑜𝑝 𝑃𝑟𝑖𝑐𝑒𝑐 × 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛𝐷,𝑐 − 𝐶𝑜𝑠𝑡𝐷,𝑐𝑐𝐷 + ∑ ∑ 𝐸𝑙𝑐 𝑃𝑟𝑖𝑐𝑒𝑡 ×𝑁𝑡
𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦𝑁,𝑡  
 
o Linear production and Cost function coefficient 
 
𝐶𝑟𝑜𝑝 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛𝐷,𝑐 = 𝐶𝑜𝑎𝐷,𝑐 × 𝐴𝑊𝑎𝑡𝑒𝑟𝐷,𝑐 + 𝐶𝑜𝑏𝐷,𝑐 
Production in tons and Water in million cubic meters 
 
Coa F1 F2 F3  Cob F1 F2 F3 
cot 212.08 148.72 94.96  cot 811.5 2299.23 1148.13 
wht 283.73 153.98 175.67  wht -454.86 1154.86 -801.88 
ric 38.3 99.94 79.56  ric 872 271 -595.7 
 
𝐶𝑟𝑜𝑝 𝐶𝑜𝑠𝑡𝐷,𝑐 = 𝐶𝑜𝑐𝐷,𝑐 × 𝐿𝑎𝑛𝑑𝐷,𝑐 + 𝐶𝑜𝑑𝐷,𝑐 
Cost in USD and Land in ha 
 
Coc F1 F2 F3  Cod F1 F2 F3 
cot 23.8 31.1 30.6  cot 9.54 6.67 8.45 
wht 17.7 19.9 18.2  wht 10.7 6.79 9.34 
ric 12.4 13.8 20.4  ric 13.3 17.5 15.6 
 
o Constant yield 
A constant yield of each crop in each demand site is assumed to maintain the 
relationship between total production and crop land 
 









Yields F1 F2 F3 
cot 2.76 2.53 2.18 
wht 5.08 2.25 2.5 
ric 2.81 1.54 4.15 
 
o Crop price 
The unit crop prices for all three crops are listed. 
 
Unit: USD/tons 





o Total available land for each crop in each demand site 
To make the model realistic, a constraint is need to prevent the model from freely 
switching (unrealistically) between crops. We assume each crop at each site needs 
to maintain at least 80% of crop land occupation.  
 
For example, crop land in demand site F1 for cotton is 3000 ha, the model needs 
to allocate at least 2400 ha (80% of 3000) to grow cotton in demand site F1. 
 
Unit: ha 
Total land F1 F2 F3 
cot 3000 2300 3500 
wht 2800 2300 2700 
ric 2600 1700 2000 
 
Meanwhile, the total cropped land should be less than total available land in each 
demand site. 
 
o Crop time-table 






t1 t2 t3 t4 t5 t6 t7 t8 t9 t10 t11 t12 
cot 0 0 0.05 0.15 0.15 0.15 0.2 0.2 0.1 0 0 0 
wht 0.25 0.15 0.1 0 0 0 0 0 0 0.1 0.2 0.2 
ric 0 0 0 0.05 0.1 0.3 0.3 0.15 0.05 0.05 0 0 
 




o Head-Storage relationship for the reservoir 
 
𝐻𝑒𝑎𝑑 = 𝑃𝑜𝑤𝑒𝑟𝐴 × 𝑆𝑡𝑜𝑟𝑎𝑔𝑒 + 𝑃𝑜𝑤𝑒𝑟𝐵 
 
where head is in meters and storage is in million cubic meters. PowerA is 0.0138 
and PowerB is 165.16 for the reservoir. The energy generation efficiency is 0.9. 
Assuming no turbine and generator capacity  
 
o Rule curve for the reservoir 
The rule curve is actually the target storage for the reservoir. This rule curve is 
based on a flooding control purpose. Therefore, in this case, we assume that the 
monthly storage in the reservoir cannot be deviated from the target storage for 
more than 20%. 
 
Unit: million cubic meters (MCM) 
Rule 
curve 
t1 t2 t3 t4 t5 t6 t7 t8 t9 t10 t11 t12 
 
5750 5000 4500 5000 5750 6500 7250 8000 8250 8000 7250 6500 
 
The reservoir capacity is 8500 MCM, the dead storage is 3000 MCM, and the 
initial storage for the modeling run is assumed to be 6500 MCM. 
 
o Monthly electricity price 
The electricity price is assumed to have seasonal variation. The price in summer is 
higher than the price in winter. 
 
Unit: USD/million KHW 
energy sale price t1 t2 t3 t4 t5 t6 t7 t8 t9 t10 t11 t12 
 
60 60 60 60 90 90 90 90 90 60 60 60 
 
o Three years monthly inflow  
Three years monthly inflow from two tributaries are given as: 
 
Unit: million cubic meters (MCM) 
3 years 
inflow 
t1 t2 t3 t4 t5 t6 t7 t8 t9 t10 t11 t12 
If1 y1 526 500 523 875 2026 3626 2841 1469 821 600 458 413 
 y2 226 199 376 637 1763 3060 2531 1036 921 736 513 339 
 y3 577 599 513 1075 1926 3337 3435 2047 1230 996 531 413 
If2 y1 211 199 303 555 634 1088 1151 1337 798 498 258 203 
 y2 111 101 413 443 503 888 1206 1003 831 500 331 203 
 y3 311 226 413 479 793 1135 1038 1437 693 398 158 103 
 




An environmental flow requirement of 150 MCM is needed at the end of the 
river. 
 
Some hints:  
o Necessary sets 
SETS 
I                 inflow nodes                /If1, If2/ 
N                 river or reservoir nodes   /Res, Rv1, Rv2, Rv3, Rv4, Rvend/ 
D                 demand nodes               /F1, F2, F3/ 
c                 crops                       /cot, wht, ric/ 
y                 year                        /y1*y3/ 
t                month                       /t1*t12/ 
Lak(N)            reservoir or lake or sea   /Res, Rvend/ 
Reservoir(N)  reservoir                   /Res/ 
; 
o Using a water balance equation to address the inflow and outflow in the river 
system; using another crop water balance equation to address the inflow 
(withdrawal) and outflow (crop water used) in the demand site 
 
o Energy calculation can use the following format 
Energy = 0.002725*release*head*efficiency 
 
o When coding in GAMS, fix the storage of non-lake, non-reservoir nodes as 
zero. Also fix the energy generation of non-reservoir nodes as zero 
 




Result_OBJ(y)                     yearly objective value (USD) 
Result_Profit(y,D,c)              yearly argi-gross profit (USD) 
Result_Cost(y,D,c)                yearly agri-cost (USD) 
Result_Agri(y,D)                  yearly agri-net profit (USD) 
 
